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IntroducAon	
  –	
  Brazilian	
  Energy	
  
System	
  
•  The	
  Brazilian	
  energy	
  system	
  is	
  highly	
  dependent	
  on	
  

renewable	
  energy,	
  especially	
  hydropower	
  
•  Renewables	
  accounted	
  for	
  around	
  40%	
  of	
  primary	
  energy	
  

supply	
  in	
  2014	
  
–  Hydropower	
  was	
  80%	
  of	
  all	
  electricity	
  producAon	
  in	
  the	
  country	
  in	
  

average	
  over	
  the	
  last	
  ten	
  years	
  
–  15%	
  of	
  fuel	
  consumpAon	
  in	
  the	
  transportaAon	
  sector	
  was	
  ethanol	
  in	
  

2014	
  
–  Wind	
  energy	
  is	
  sAll	
  low,	
  but	
  has	
  increased	
  sharply	
  over	
  the	
  last	
  few	
  

years	
  (currently	
  4.8%	
  of	
  total	
  installed	
  capacity)	
  

How	
  is	
  that	
  impacted	
  by	
  future	
  climate	
  change?	
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  Seasonality	
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  Climate	
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What’s	
  new?	
  
•  Project	
  hired	
  by	
  Secretaria	
  de	
  Assuntos	
  Estratégicos	
  da	
  
Presidência	
  da	
  República	
  –	
  Colabora4on	
  COPPE-­‐PSR	
  
–  New	
  scenarios	
  –	
  RCPs	
  8.5	
  and	
  4.5	
  

•  MiAgaAon	
  vs.	
  AdaptaAon	
  
–  New	
  GCMs	
  (HadGEM	
  and	
  MIROC)	
  
–  StochasAc	
  dispatch	
  modeling	
  

•  Research	
  quesAons:	
  
– What	
  are	
  the	
  impacts	
  of	
  climate	
  change	
  on	
  the	
  Brazilian	
  
Interconnected	
  System?	
  

– What	
  would	
  be	
  the	
  best	
  alternaAves	
  to	
  compensate	
  
hydropower	
  loss?	
  
•  What	
  is	
  the	
  best	
  way	
  to	
  adapt:	
  operaAon	
  vs.	
  expansion?	
  

–  To	
  what	
  extent	
  miAgaAon	
  policies	
  may	
  affect	
  these	
  best	
  
alternaAves?	
  



Methodology	
  and	
  Results	
  



Climate	
  Change	
  Data	
  
•  RCPs	
  
–  4.5	
  
–  8.5	
  

•  GCMs	
  
– HadGEM	
  
– MIROC	
  

•  Dowscaling	
  
–  ETA:	
  	
  INPE	
  (Chou	
  et	
  al.,	
  2014)	
  

•  Hydrological	
  Model	
  
–  SMAP	
  (water	
  balance	
  model):	
  University	
  of	
  Ceará	
  
(MarAns	
  et	
  at.,	
  2014)	
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Results	
  OperaAon:	
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Results	
  –	
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  Costs	
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Results	
  –	
  AdaptaAon	
  Costs	
  

•  Accumulated	
  invesAment	
  costs	
  up	
  to	
  2040:	
  
– HadGEM	
  
•  RCP	
  4.5:	
  USD	
  79	
  billion	
  
•  RCP	
  8.5:	
  USD	
  280	
  billion	
  

– MIROC	
  
•  RCP	
  4.5:	
  USD	
  3	
  billion	
  
•  RCP	
  8.5:	
  USD	
  158	
  billion	
  



Discussion	
  

•  Detailed	
  dispatch	
  modeling	
  requires	
  detailed	
  
hydrological	
  modeling	
  

•  OperaAonal	
  impacts	
  can	
  be	
  severe	
  and	
  costly	
  if	
  there	
  is	
  
no	
  adaptaAon	
  through	
  system	
  expansion	
  

•  MiAgaAon	
  policies	
  do	
  impact	
  opAmal	
  adaptaAon	
  
strategies	
  
–  AdapAng	
  to	
  a	
  reduced	
  hydropower	
  availability	
  may	
  further	
  
increase	
  Brazil’s	
  emissions	
  if	
  no	
  other	
  acAons	
  are	
  taken	
  

–  AdaptaAon	
  can	
  be	
  achieved	
  by	
  fossil	
  fuels	
  or	
  by	
  a	
  
combinaAon	
  of	
  energy	
  efficiency,	
  renewable	
  energy,	
  etc.	
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Next	
  Steps	
  

•  Second	
  stage	
  of	
  LAMP	
  –	
  impacts/adaptaAon	
  
– To	
  what	
  extent	
  a	
  more	
  detailed	
  dispatch	
  analysis	
  
is	
  relevant	
  for	
  adaptaAon-­‐miAgaAon	
  assessment?	
  

– What	
  are	
  the	
  uncertainAes	
  related	
  to	
  the	
  
miAgaAon-­‐adaptaAon	
  interacAons?	
  
• What	
  is	
  the	
  role	
  of	
  Brazil	
  in	
  a	
  given	
  climate	
  goal?	
  
•  How	
  will	
  adaptaAon	
  take	
  place	
  in	
  such	
  circumstances?	
  

•  JGCRI	
  –	
  impact	
  analysis	
  
•  Several	
  IAMs	
  looking	
  at	
  miAgaAon-­‐adaptaAon	
  
– GCAM,	
  TIAM-­‐ECN,	
  IMAGE,	
  EPPA,	
  MESSAGE-­‐Brazil	
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