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Širi	
  kontekst	
  New	
  instaled	
  capacity	
  in	
  2009	
  



Energy	
  status	
  

Germany,	
  6.6.2011:	
  decision	
  on	
  immediately	
  shut	
  down	
  of	
  8	
  
nuclear	
  power	
  plants;	
  other	
  nine	
  are	
  shuIng	
  down	
  slowly	
  by	
  
2015,	
  and	
  three	
  more	
  in	
  2022	
  

	
  
USA:	
  Obama	
  or	
  Romney?	
  
	
  
EU	
  targets:	
  	
   	
  -­‐	
  20%	
  renewables	
  by	
  2020;	
  	
  
	
   	
   	
   	
   	
  -­‐	
  25,	
  30%	
  or	
  more	
  in	
  2030?	
  
	
   	
   	
   	
   	
  -­‐	
  40-­‐70%	
  by	
  2050?	
  

	
  
	
  



Energy	
  Roadmap	
  to	
  2050	
  	
  



	
  
	
  

Renewable	
  Challenge	
  

''The	
  amount	
  of	
  usable	
  solar	
  and	
  wind	
  
energy	
  far	
  exceeds	
  the	
  world's	
  total	
  
energy	
  demand,	
  with	
  current	
  
technology	
  feasibility	
  considered''	
  	
  
	
  

	
  
2009	
  American	
  Ins/tute	
  of	
  Physics	
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Climate	
  Data	
  and	
  RE	
  

1.	
  Site	
  selecXon	
  
	
  

2.	
  Predicted	
  annual	
  energy	
  yield	
  
	
  

3.	
  Long-­‐term	
  energy	
  yield	
  performance	
  
	
  

4.	
  Frequency	
  when	
  energy	
  yield	
  below	
  a	
  
defined	
  threshold	
  



Power	
  system	
  planning	
  demands	
  long-­‐term	
  approach:	
  
	
  -­‐	
  long	
  planning	
  and	
  construcXon	
  process	
  (1-­‐10	
  years)	
  
	
  -­‐	
  long	
  life	
  Xme	
  of	
  new	
  power	
  plants	
  (25-­‐60	
  years)	
  

5-­‐10%	
  loss	
  of	
  the	
  future	
  planned	
  income	
  can	
  make	
  a	
  
difference	
  between	
  economically	
  jusXfied	
  and	
  
unjusXfied	
  power	
  plant	
  

Power	
  system	
  planning	
  



	
  
	
  

Climate	
  PredicXons	
  –	
  Current	
  Status	
  

	
  
	
  
ImplicaXons:	
  	
  	
  	
  	
  	
  	
  	
  	
  Results…???	
  Many…	
  
Assumed	
  consistency	
  in	
  RE	
  climaXc	
  resources	
  	
  	
  	
  Considerable	
  mulXplicaXon	
  of	
  RE	
  costs	
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season	
  and	
  annual	
  
variaXon	
  with	
  

decades	
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CLIMATE	
  PREDICTIONS	
  –	
  CLIM-­‐RUN	
  PROJECT	
  
	
  
	
  
	
  



	
  
	
  

Climate	
  PredicXon	
  SensiXviXes	
  
Investment	
  influence	
  using	
  inter-­‐annual	
  climate	
  resource	
  variability	
  

Example:	
  	
  planning	
  of	
  	
  a	
  solar	
  power	
  plant	
  in	
  Spain	
  
	
  

	
  	
  	
  	
  	
  	
  •Typical	
  size:	
  50	
  MW,	
  cost	
  €300	
  million	
  
	
  	
  	
  	
  	
  	
  •Guaranteed	
  price	
  per	
  unit	
  of	
  electricity	
  generated:	
  0.20	
  €/kWh	
  	
  
	
  	
  	
  	
  	
  	
  •This	
  provides	
  a	
  annual	
  yield	
  of	
  €31	
  million	
  	
  
Assump6ons:	
  small	
  solar	
  irradiance	
  varia6on	
  	
  
	
  

Uncertainty	
  of	
  1%	
  	
  leads	
  to:	
  
-­‐	
  Annual	
  increase	
  or	
  decrease	
  of	
  total	
  revenue	
  =	
  €310000	
  
-­‐ Across	
  the	
  investment	
  return	
  period	
  =	
  €8	
  million	
  	
  

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  or	
  ~	
  15%	
  investment	
  

	
  

´´Components	
  of	
  uncertainty	
  are	
  
commonly	
  based	
  on	
  subjecXve	
  

esXmaXons	
  rather	
  than	
  on	
  staXsXcal	
  
sound	
  data	
  analysis´´	
  	
  

	
  

Heinz-­‐Theo	
  Mengelkamp	
  et	
  al.	
  2010,	
  	
  
Risk	
  analysis	
  for	
  a	
  mixed	
  wind	
  farm	
  and	
  solar	
  power	
  plant	
  porIolio.	
  	
  
	
  



	
  
	
  

Climate	
  PredicXon	
  SensiXviXes	
  
	
  
	
  
´´The	
  fact	
  that	
  a	
  trend	
  has	
  existed	
  in	
  the	
  recent	
  past	
  is	
  
no	
  certain	
  guarantee	
  of	
  its	
  con2nua2on	
  in	
  to	
  the	
  future	
  
e.g.	
  rainfall	
  may	
  readily	
  reverse	
  or	
  disappear	
  over	
  a	
  
period	
  of	
  a	
  few	
  decades´´	
  	
  
Climate	
  Impact	
  on	
  Energy	
  Systems,	
  World	
  Bank	
  Study,	
  2011	
  
	
  
	
  

CLIM-­‐RUN	
  ac2vi2es	
  
	
  
	
  
1.	
  Characterising	
  the	
  climate	
  using	
  sta6s6cal	
  analyses	
  
	
  

2.	
  Improving	
  the	
  reliability	
  of	
  databases	
  and	
  techniques	
  
	
  

3.	
  Collabora6on	
  with	
  energy	
  stakeholders	
  



	
  
	
  

Climate	
  PredicXon	
  –	
  Current	
  Status	
  
Aims	
  to	
  provide	
  climate	
  predic6ons	
  from	
  days	
  to	
  
decades	
  into	
  the	
  future.	
  
	
  

Climate	
  predic2ons	
  are	
  produced	
  with	
  numerical	
  
models	
  of	
  the	
  climate	
  system.	
  
	
  

Used	
  alongside	
  observed	
  climate	
  paQerns	
  in	
  order	
  to	
  
project	
  to	
  future	
  6mescales.	
  
	
  
	
  Improves	
  understanding	
  of	
  how	
  the	
  climate	
  works	
  
and	
  helps	
  predict	
  how	
  it	
  will	
  act	
  and	
  react	
  in	
  the	
  
future.	
  



	
  
	
  Contribute	
  to:	
  

	
  
	
  

-­‐	
  Climate	
  change	
  adaptaXon	
  policy	
  
-­‐	
  Energy	
  security	
  policy	
  
-­‐	
  Building	
  codes	
  and	
  other	
  regulaXons	
  
(HDD	
  -­‐	
  HeaXng	
  Degree	
  Days)	
  

-­‐	
  Investment	
  opportuniXes	
  

	
  
	
  

Climate	
  PredicXon	
  with	
  RE	
  



	
  
	
  

CLIM-­‐RUN	
  QuesXons	
  

?	
  How	
  representaXve	
  is	
  current	
  climate	
  data	
  for	
  esXmaXng	
  the	
  
performance	
  of	
  a	
  RE	
  plant	
  over	
  its	
  lifeXme	
  (e.g.	
  30	
  years)?	
  

?	
  How	
  confident	
  can	
  we	
  be	
  about	
  the	
  energy	
  yield	
  forecasts?	
  
?	
  
?	
  

What	
  are	
  the	
  likely	
  lowest	
  level	
  of	
  energy	
  yield	
  from	
  a	
  RE	
  
project	
  in	
  a	
  season/year?	
  (known	
  as	
  ´´climate	
  droughts´´)	
  

How	
  can	
  solar	
  and	
  wind	
  climaXc	
  resources	
  co-­‐vary	
  to	
  supply	
  a	
  
more	
  consistent	
  stream	
  of	
  energy?	
  

?	
  



Can	
  we	
  characterise	
  the	
  frequency,	
  amplitude	
  
and	
  duraXon	
  of	
  high	
  energy	
  demand	
  (extreme	
  
heat/cold	
  periods)	
  and	
  low	
  RE	
  yield	
  climaXc	
  

resources?	
  
Example:	
  low	
  hydro	
  producXon	
  during	
  the	
  

summer	
  (high	
  season)	
  period	
  

Worst	
  case	
  scenarios:	
  
	
  

CLIM-­‐RUN	
  QuesXons	
  

?	
  



Renné	
  et	
  al,	
  2008,	
  
Solar	
  Resource	
  
Assessment,	
  NREL	
  

	
  
	
  

Climate	
  PredicXon	
  -­‐	
  Results	
  

	
  
	
  
Map	
  background:	
  	
  
average	
  global	
  radiaXon	
  data	
  from	
  1998-­‐2005	
  (kWh/m2/day)	
  

Points:	
  difference	
  annual	
  average	
  between	
  	
  
1961-­‐1990	
  and	
  1998-­‐2005	
  (kWh/m2/day)	
  

	
  

1998-­‐2005	
  >	
  1961-­‐1990	
  
Up	
  to	
  10%	
  higher	
  

1998-­‐2005	
  <	
  1961-­‐1990	
  
Up	
  to	
  10%	
  lower	
  



	
  
	
  

Conclusion	
  
For	
  the	
  RE	
  sector	
  as	
  a	
  whole,	
  simple	
  and	
  
reliable	
  climate	
  predicXons	
  are	
  needed.	
  
	
  
Higher-­‐quality	
  RE	
  climate	
  resource	
  assessment	
  
can	
  accelerate	
  technology	
  deployment	
  	
  
by	
  making	
  a	
  posiXve	
  impact	
  	
  on	
  decision	
  
making	
  and	
  reducing	
  uncertainty	
  of	
  	
  
financial	
  investments.	
  



Climate change impacts on renewables in Croatia 
 
 
 
* Regional climate model RegCM 
    - horizontal resolution 35 km; Most part of Europe and 
Mediterranean 

  
* Global model ECHAM5/MPIOM: 
    - horizontal resolution~ 200 km 
 
• Climate of 20th century 1961-1990   P0  (reference period) 
• Future climate:  2011-2040   P1 

     2041-2070   P2 
 
GHG emissions according to A2 IPCC scenario 
 
* Output from RegCM model every 3 hours  
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