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The	
  cost	
  escala&on	
  curse	
  
In	
  the	
  US,	
  the	
  overnight	
  cost	
  in	
  USD2010/MW	
  of	
  the	
  first	
  reactor	
  
was	
  almost	
  7	
  &mes	
  less	
  than	
  the	
  cost	
  of	
  the	
  last	
  one	
  



Star&ng	
  again	
  
•  EPR	
  	
  

	
  1.	
  	
  Olkiluoto-­‐3	
  in	
  Finland	
  
	
   	
   	
  -­‐	
  Ini&al	
  cost	
  prevision	
  in	
  2003	
  €3	
  billion	
  (€2010	
  2.100/kW)	
  
	
   	
   	
  -­‐	
  Cost	
  revision	
  in	
  2010	
  €5.7	
  billion	
  (€2010	
  3.500/kW)	
  

	
   	
  2.	
  Flamanville	
  in	
  France	
  
	
   	
   	
  -­‐	
  Ini&al	
  cost	
  prevision	
  in	
  2005	
  €3.3	
  billion	
  (€2010	
  2.200/kW)	
  
	
   	
   	
  -­‐	
  Cost	
  revision	
  in	
  2011	
  €6	
  billion	
  (€2010	
  3.650/kW)	
  
	
   	
   	
  -­‐	
  Cost	
  revision	
  in	
  2012	
  €8.5	
  billion	
  (€2010	
  5.100/kW)	
  

•  AP1000	
  	
  
	
  1.	
  	
  MIT	
  studies	
  
	
   	
   	
  -­‐	
  In	
  2003	
  the	
  es&mated	
  base	
  case	
  overnight	
  cost	
  was	
  US$2010	
  2.400/	
  kW	
  
	
   	
   	
  -­‐	
  In	
  2009	
  the	
  range	
  of	
  overnight	
  costs	
  was	
  US$2010	
  3.650/kW	
  to	
  US$2010	
  5.100/kW	
  
	
  2	
  The	
  University	
  of	
  Chicago	
  
	
   	
   	
  -­‐	
  Updated	
  their	
  2004	
  forecast	
  in	
  2010:	
  for	
  the	
  AP1000	
  overnight	
  costs	
  has	
  increased	
  from	
  
US$20101950/kW	
  to	
  US$2010	
  4.210	
  kW	
  

	
  
	
  New	
  genera&on	
  reactors	
  have	
  been	
  ini&ally	
  expected	
  to	
  be	
  cheaper	
  than	
  the	
  last	
  variant	
  built	
  (e.g.,	
  
EPR	
  v.	
  N4)	
  whereas	
  their	
  revised	
  costs	
  based	
  on	
  applica&ons	
  to	
  regulator	
  (AP	
  1000)	
  or	
  on-­‐going	
  
construc&ons	
  (EPR)	
  are	
  much	
  higher	
  than	
  the	
  most	
  expensive	
  type	
  of	
  reactor	
  ever	
  built	
  in	
  the	
  past	
  



Nuclear	
  power	
  genera&on	
  is	
  becoming	
  
too	
  expensive	
  

Nuclear	
  power	
  compe&&veness	
  mainly	
  depends	
  on	
  construc&on	
  
costs	
  (approximately	
  60%	
  of	
  the	
  LCOE)	
  

	
  
(Source:	
  DECC,	
  UK	
  2011)	
  

It	
  is	
  cri&cal	
  to	
  iden&fy	
  the	
  means	
  to	
  escape	
  the	
  cost	
  escala&on	
  
curse	
  for	
  nuclear	
  power	
  to	
  remain	
  a	
  viable	
  op&on	
  



Decreasing	
  capital	
  costs	
  in	
  other	
  
technologies	
  

	
  



Means	
  to	
  achieve	
  reduc&on	
  of	
  nuclear	
  
power	
  plant	
  capital	
  costs	
  

•  Scale	
  effects:	
  Can	
  the	
  increase	
  in	
  the	
  size	
  of	
  the	
  plant	
  lead	
  
to	
  a	
  reduc&on	
  in	
  the	
  construc&on	
  costs	
  per	
  MW	
  installed?	
  

•  Modulariza&on:	
  Can	
  the	
  building	
  of	
  more	
  components	
  in	
  
factories	
  and	
  less	
  on	
  site	
  reduce	
  construc&on	
  &me	
  and	
  
cost?	
  

•  Standardiza&on	
  and	
  cumula&ve	
  experience:	
  Can	
  capital	
  
cost	
  reduc&ons	
  be	
  achieved	
  in	
  standardizing	
  plant	
  designs	
  
and	
  construc&ng	
  similar	
  plants	
  in	
  large	
  series?	
  

•  Regula&on:	
  Can	
  the	
  regulatory	
  framework	
  reduce	
  the	
  risk	
  
of	
  cost	
  overruns	
  while	
  providing	
  adequate	
  safety	
  levels?	
  

•  Procurement	
  and	
  compe&&on:	
  Can	
  improved	
  compe&&on	
  
and	
  procurement	
  contracts	
  result	
  in	
  significant	
  cost	
  
reduc&ons?	
  



Cost	
  escala&on	
  drivers	
  in	
  the	
  U.S.	
  Case	
  

•  Scale:	
  Once	
  the	
  endogeneity	
  of	
  lead-­‐&me	
  is	
  taken	
  into	
  account,	
  the	
  scale	
  
effect	
  is	
  offset	
  	
  

•  Regula&on:	
  Safety	
  regula&on	
  instability	
  	
  has	
  been	
  a	
  key	
  driver	
  for	
  the	
  cost	
  
escala&on	
  

•  Learning:	
  There	
  is	
  no	
  consensus.	
  The	
  learning	
  effects	
  were	
  significant	
  only	
  
when	
  the	
  u&li&es	
  have	
  built	
  their	
  own	
  plants	
  

Cost escalation drivers in the U.S Case

Effect Komanoff
(1981)

Zimmerman
(1982)

Cantor
&Hewlett
(1988)

McCabe
(1996)

Cooper(2010)

Scale -0.2% +0.17% +0.13% offset-

ting by leadtime

effect

-0.22% but no

significant

+0.94%offsetting

by leadtime ef-

fect

Learning -7.0% by doub-

ing the experi-

ence

-11.8% first

unit -4% second

unit

-42% first unit

-18% second

unit Only for

utilities

-9% by 1 unit

of builders expe-

rience added

0.9% by

1% increase

in builders

experience

Regulatory +15.4%
+24%

+14% time

trend

+10%time

trend

Not included +0.179% NRC

Rules +0.096%

∆NRC Rules

Scale: Once the endogeneity of leadtime is take into account, the
scale effect is offset.

Learning: There is no consensus. The learning effects were significant
only when the utilities managed their own plants

Regulatory activity: Safety regulation is an important driver for the cost
escalation in the U.S case



Cost	
  Escala&on	
  in	
  France	
  
Despite	
  the	
  favorable	
  ins&tu&onal	
  seing	
  prevailing	
  in	
  France	
  (i.e.	
  centralized	
  
decision	
  making,	
  high	
  degree	
  of	
  standardiza&on	
  and	
  regulatory	
  stability)	
  
Grubler	
  (2010)	
  found	
  that	
  the	
  construc&on	
  costs	
  in	
  FF98/MW	
  for	
  the	
  units	
  
installed	
  in	
  1974	
  were	
  3.5	
  &mes	
  less	
  than	
  the	
  costs	
  for	
  the	
  post	
  1990	
  installed	
  
reactors	
  



Revisi&ng	
  the	
  French	
  Nuclear	
  program	
  with	
  the	
  
Cour	
  des	
  Comptes	
  data	
  

•  Using	
  the	
  actual	
  construc&on	
  costs	
  from	
  the	
  Cour	
  des	
  Comptes	
  report,	
  the	
  
escala&on	
  is	
  less	
  severe	
  than	
  what	
  was	
  argued	
  

•  The	
  average	
  annual	
  rate	
  of	
  growth	
  of	
  the	
  construc&on	
  costs	
  in	
  €2010/MW	
  
using	
  Grubler's	
  es&ma&ons	
  is	
  equal	
  to	
  9%.	
  With	
  Cour	
  des	
  Comptes	
  data	
  it	
  
is	
  is	
  equal	
  to	
  3.7%	
  



On	
  the	
  French	
  Cour	
  des	
  Comptes	
  Data	
  and	
  Nuclear	
  
Power	
  Program	
  

•  Cour	
  des	
  Comptes	
  data	
  	
  
	
  1.	
  Published	
  in	
  January	
  2012	
  
	
  2.	
  Contains	
  the	
  total	
  investments	
  in	
  €2010	
  made	
  on	
  the	
  nuclear	
  power	
  program	
  in	
  France	
  
(Construc&on	
  costs,	
  labor	
  costs,	
  costs	
  before	
  the	
  exploita&on)	
  
	
  3.	
  The	
  construc&on	
  cost	
  are	
  presented	
  by	
  pair	
  of	
  reactors,	
  which	
  means	
  only	
  28	
  observa&ons	
  

	
  
•  French	
  Nuclear	
  Fleet	
  

	
  1.	
  The	
  construc&on	
  of	
  the	
  first	
  reactor	
  began	
  in	
  1971	
  
	
  2.	
  The	
  last	
  reactor	
  was	
  connected	
  to	
  the	
  grid	
  in	
  2002	
  
	
  3.	
  58	
  pressurized	
  water	
  reactors	
  (PWR)	
  have	
  been	
  installed	
  within	
  19	
  sites	
  across	
  France	
  
	
  4.	
  Three	
  paliers	
  and	
  different	
  types	
  of	
  reactors	
  
–  Palier	
  900	
  MW	
  (CP0,CP1	
  and	
  CP2)	
  
–  Palier	
  1.300	
  MW	
  (P4	
  and	
  P’4)	
  
–  Palier	
  1.450	
  MW	
  (N4)	
  



Cour	
  des	
  Comptes	
  Data	
  



Model	
  
•  To	
  iden&fy	
  the	
  main	
  drivers	
  of	
  the	
  cost	
  escala&on	
  in	
  the	
  French	
  case,	
  we	
  have	
  

assumed	
  the	
  following	
  cost	
  func&on:	
  
	
  
	
  
	
  
	
  
Where:	
  
•  Ci	
  :	
  Construc&on	
  cost	
  for	
  the	
  pair	
  of	
  units	
  i	
  in	
  €2010	
  per	
  MW	
  
•  Capi	
  :	
  Installed	
  capacity	
  in	
  MW	
  
•  LTimei	
  :	
  Construc&on	
  lead&me	
  in	
  months	
  
•  EXPIi	
  :	
  Number	
  of	
  completed	
  reactors	
  at	
  the	
  &me	
  of	
  the	
  construc&on	
  of	
  plant	
  i	
  
•  EXPPi	
  :	
  Number	
  of	
  completed	
  reactors	
  within	
  the	
  same	
  palier	
  at	
  the	
  &me	
  of	
  the	
  
•  construc&on	
  of	
  plant	
  i	
  
•  EXPTi	
  :	
  Number	
  of	
  completed	
  reactors	
  within	
  the	
  same	
  type	
  at	
  the	
  &me	
  of	
  the	
  
•  construc&on	
  of	
  plant	
  i	
  
•  UCLi	
  :	
  Life&me	
  average	
  Unplanned	
  Capability	
  Loss	
  Factor	
  for	
  unit	
  i	
  
•  US7i	
  :	
  Life&me	
  average	
  Unplanned	
  Automa&c	
  Scram	
  for	
  unit	
  i	
  



Mul&collinearity	
  

The	
  high	
  correla&on	
  between	
  the	
  main	
  explanatory	
  variables	
  implies	
  that:	
  
	
  1.	
  We	
  do	
  not	
  obtain	
  significant	
  results	
  in	
  a	
  linear	
  regression	
  
	
  2	
  	
  We	
  obtain	
  high	
  Variance	
  Infla&on	
  Factors	
  

To	
  deal	
  with	
  these	
  limita&ons,	
  we	
  used	
  a	
  principal	
  component	
  (PCR)	
  approach	
  



Loadings	
  and	
  Eigenvalues	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
Component	
  1	
  
•  This	
  component	
  explains	
  41%	
  of	
  the	
  total	
  variance	
  
•  High	
  loadings	
  for:	
  capacity,	
  lead-­‐&me	
  and	
  cumula&ve	
  experience	
  
•  It	
  represents	
  what	
  we	
  can	
  called	
  the	
  big	
  size	
  syndrome:	
  As	
  nuclear	
  power	
  

industry	
  (vendors	
  and	
  u&li&es)	
  gained	
  experience,	
  bigger	
  reactors	
  were	
  
made	
  and	
  this	
  technology	
  scaling-­‐up	
  is	
  associated	
  with	
  greater	
  complexity	
  
which	
  ended	
  up	
  in	
  longer	
  lead-­‐&mes	
  (Cooper,	
  2011)	
  



Loadings	
  and	
  Eigenvalues	
  

•  Component	
  2	
  
•  Accounts	
  for	
  33%	
  of	
  the	
  variance	
  
•  The	
  variables	
  with	
  high	
  loadings	
  are	
  experience	
  within	
  palier	
  and	
  type	
  and	
  

the	
  two	
  safety	
  performance	
  indicators	
  
•  Construc&ng	
  similar	
  reactors	
  (either	
  in	
  size	
  or	
  type)	
  has	
  allowed	
  

improvements	
  in	
  terms	
  of	
  safety	
  



Principal	
  components	
  



Es&mates	
  and	
  results	
  

•  Scale:	
  Increasing	
  the	
  size	
  of	
  the	
  reactors	
  did	
  not	
  induce	
  smaller	
  unit	
  
costs	
  

•  This	
  is	
  a	
  well	
  known	
  phenomenon	
  in	
  nuclear	
  power	
  because	
  the	
  
construc&on	
  of	
  larger	
  reactors	
  is	
  more	
  complex,	
  hence	
  such	
  a	
  
project	
  implies	
  longer	
  lead-­‐&mes	
  and	
  greater	
  risk	
  of	
  cost	
  overruns	
  



Es&mates	
  and	
  results	
  

	
  

•  Experience:	
  Cumulated	
  experience	
  had	
  not	
  induced	
  a	
  reduc&on	
  in	
  costs.	
  This	
  
result	
  is	
  oren	
  seen	
  as	
  the	
  consequence	
  of	
  nuclear	
  power	
  intrinsic	
  characteris&cs	
  
(i.e.	
  lumpy	
  investments	
  and	
  site-­‐specific	
  design)	
  

•  As	
  a	
  new	
  and	
  interes&ng	
  finding,	
  we	
  have	
  found	
  posi&ve	
  learning	
  effects	
  within	
  
the	
  construc&on	
  of	
  similar	
  reactors	
  (Size	
  and	
  Type)	
  

•  This	
  finding	
  confirms	
  that	
  standardiza&on	
  can	
  be	
  seen	
  as	
  a	
  poten&al	
  source	
  of	
  
savings	
  in	
  the	
  construc&on	
  of	
  future	
  nuclear	
  reactors	
  



Es&mates	
  and	
  results	
  

•  Safety:	
  Reactors	
  with	
  beser	
  safety	
  indicators	
  (UCL	
  and	
  
US7)	
  are	
  related	
  with	
  higher	
  costs.	
  

•  The	
  latest	
  reactors,	
  although	
  more	
  expensive,	
  have	
  
embodied	
  safety	
  improvements	
  



Ending	
  the	
  curse	
  thanks	
  to	
  dras&c	
  
innova&on	
  	
  	
  

•  Our	
  analysis	
  using	
  the	
  Cour	
  des	
  Comptes	
  data	
  confirms	
  that	
  the	
  
cost	
  escala&on	
  is	
  mainly	
  due	
  to	
  the	
  scaling-­‐up	
  strategy	
  

•  The	
  scaling-­‐up	
  is	
  associated	
  with	
  greater	
  lead-­‐&mes	
  and	
  complexity	
  
which	
  in	
  turn	
  meant	
  an	
  increase	
  in	
  costs	
  per	
  MW	
  

•  The	
  construc&on	
  of	
  Genera&on	
  III	
  reactors	
  confirms	
  that	
  larger	
  
reactors	
  are	
  likely	
  to	
  be	
  more	
  expensive	
  again	
  

•  What	
  about	
  small	
  modular	
  reactors?	
  Several	
  authors	
  have	
  
men&oned	
  some	
  advantages:	
  
–  Shorter	
  construc&on	
  schedules	
  
–  Lower	
  market	
  risk	
  which	
  reduce	
  the	
  cost	
  of	
  capital	
  
–  Poten&al	
  cost	
  savings	
  due	
  to	
  off-­‐site	
  module	
  fabrica&on,	
  as	
  well	
  as	
  

learning	
  by	
  doing	
  arer	
  the	
  produc&on	
  of	
  mul&ple	
  modules	
  
•  Is	
  a	
  paradigm	
  shir	
  possible?	
  



Ending	
  the	
  curse	
  thanks	
  to	
  
standardiza&on	
  	
  

•  Construc&on	
  cost	
  reduc&ons	
  can	
  be	
  achieved	
  
when	
  reducing	
  technological	
  choice	
  

•  In	
  the	
  French	
  case,	
  we	
  found	
  an	
  example	
  of	
  how	
  
the	
  building	
  of	
  the	
  same	
  types	
  of	
  reactors	
  can	
  
ease	
  the	
  cost	
  escala&on	
  curse	
  

•  Our	
  results	
  allow	
  us	
  to	
  conclude	
  that	
  increasing	
  
the	
  experience	
  in	
  type	
  will	
  induce	
  lower	
  costs	
  but	
  
also	
  beser	
  performance	
  in	
  safety	
  

•  The	
  future	
  Chinese	
  strategy?	
  


