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Renewable	
  energy	
  for	
  mid-­‐term	
  target	
  in	
  Japan	


•  Target	
  of	
  renewable	
  energy	
  share	
  to	
  total	
  primary	
  energy	
  in	
  2020	
  is	
  set	
  to	
  
10%.	
  	
  

•  Based	
  on	
  AIM/Enduse	
  [Japan],	
  which	
  is	
  boVom-­‐up	
  type	
  model,	
  the	
  energy	
  
mix	
  to	
  achieve	
  25%	
  GHG	
  reducCon	
  target	
  is	
  evaluated;	
  
–  PV	
  in	
  household:	
  1.1MkW	
  (in	
  2005)	
  -­‐>	
  16.2	
  –	
  24.4	
  MkW	
  (in	
  2020)	
  	
  
–  	
  PV	
  in	
  industry:	
  0.3	
  MkW	
  (in	
  2005)	
  -­‐>	
  20.8	
  –	
  25.6	
  MkW	
  (in	
  2020)	
  	
  
–  Wind:	
  1.1	
  MkW	
  (in	
  2005)	
  -­‐>	
  11.3	
  MkW	
  (in	
  2020)	
  
–  Geothermal:	
  0.5	
  MkW	
  (in	
  2005)	
  -­‐>	
  1.7	
  MkW	
  (in	
  2020)	
  
–  Small-­‐	
  &	
  medium-­‐scale	
  hydro:	
  0.4	
  MkW	
  (in	
  2005)	
  -­‐>	
  1.7	
  –	
  6.0	
  MkW	
  (in	
  

2020)	
  

•  For	
  assessing	
  above	
  target,	
  “PotenCal	
  for	
  the	
  introducCon	
  of	
  Renewable	
  
Energy”	
  is	
  invesCgated	
  by	
  the	
  Ministry	
  of	
  the	
  Environment.	
  	
  
	
  hVp://www.env.go.jp/earth/report/h22-­‐02/09-­‐summary.pdf	




Wind	
  power	
  generaCon	
  potenCal	
  	


Annual mean wind speed  
(above 80m elevation) over  
7.5 m/s  
6.5 m/s  
5.5 m/s  

On-shore	
 Off-shore (floating)	


http://www.env.go.jp/earth/report/h22-02/09-summary.pdf	


Annual mean wind speed  
(above 80m elevation) over  
8.5 m/s  
7.5 m/s  
6.5 m/s  



Medium-­‐	
  &	
  small-­‐scale	
  hydro	
  power	
  generaCon	
  potenCal	
   	


construction unit cost; 
       Less than 0.5 mil.yen/kW  
       Less than 1.0 mil.yen/kW  
       Less than 1.5 mil.yen/kW  
       Less than 2.6 mil.yen/kW  

http://www.env.go.jp/earth/report/h22-02/09-summary.pdf	




Renewable	
  Energy	
  PotenCal	
  in	
  Japan	


http://www.env.go.jp/earth/report/h22-02/09-summary.pdf	




Primary	
  energy	
  supply	
  in	
  Japan	
  in	
  2020	
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25%(1): 15% of domestic reduction + 10% of credit 
25%(2): 20% of domestic reduction + 5% of credit 
25%(3): 25% (all) of domestic reduction	




Renewable	
  energy	
  supply	
  in	
  Japan	
  in	
  2020	
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25%(1): 15% of domestic reduction + 10% of credit 
25%(2): 20% of domestic reduction + 5% of credit 
25%(3): 25% (all) of domestic reduction	




Cost	
  to	
  introduce	
  renewable	
  energy	
  
to	
  achieve	
  mid-­‐term	
  target	
  in	
  Japan	


25%(1) 25%(2) 25%(3) 

PV	
   13.0 18.3 22.6 

Wind power	
   2.5 2.5 2.5 

Small- & Medium- scale hydro and 
geothermal power	
   1.7 3.2 5.3 

Biomass power	
   1.0 1.0 1.0 

To solve power system problem (battery etc.)	
   3.1 4.0 5.6 

 　Total	
   21.2 29.0 36.8 

25%(1): 15% of domestic reduction + 10% of credit 
25%(2): 20% of domestic reduction + 5% of credit 
25%(3): 25% (all) of domestic reduction	


trillion yen, total from 2011-2020	




UpdaCng	
  renewable	
  energies	
  in	
  AIM	
  	
  
for	
  global	
  assessment	


•  We	
  are	
  now	
  updaCng	
  the	
  renewable	
  energy	
  potenCal.	
  	
  

•  Solar	
  power	
  and	
  wind	
  power	
  have	
  been	
  esCmated	
  by	
  30”	
  x	
  
30”	
  using	
  new	
  methods.	
  	
  
–  Solar:	
  grade	
  by	
  insolaCon	
  (kWh/m2/yr)	
  

–  Wind:	
  grade	
  by	
  capacity	
  factor	
  (%)	
  

•  We	
  desire	
  the	
  above	
  energy	
  potenCals	
  will	
  be	
  checked	
  with	
  
other	
  similar	
  esCmaCon	
  in	
  this	
  project.	
  

•  Then,	
  cost	
  will	
  be	
  esCmated,	
  and	
  linked	
  with	
  above	
  data.	
  	
  
•  Finally,	
  all	
  datasets	
  will	
  be	
  installed	
  in	
  AIM	
  models,	
  and	
  

introducCon	
  of	
  renewable	
  energies	
  by	
  scenarios	
  will	
  be	
  
assessed.	
  	
  



Structure	
  of	
  AIM/CGE	
  [Global]	


producCon	
  factor	
  
market	
  

capital	
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...	


trade	
Japan	
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...	


Energy	
  technology	
  model:	
  energy	
  efficiency	
  
Agriculture	
  model:	
  land	
  producCvity	
  

...	
  

Annual	
  parameter	
  change	


GHGs	
  
emissions	
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scenarios:	
  populaCon,	
  GDP,	
  ...	
  	




Regional	
  definiCon	
  in	
  AIM/CGE[Global]	


JPN	
 Japan	
 USA	
 USA	
 

CHN	
 China	
 XE15	
 EU-15 in Western Europe	
 

KOR	
 Korea	
 XE10	
 EU-10 in Eastern Europe	
 

IDN	
 Indonesia	
 RUS	
 Russia	
 

IND	
 India	
 XRE	
 Rest of Europe	
 

THA	
 Thailand	
 BRA	
 Brazil	
 

XSE	
 Other South-east Asia	
 MEX	
 Mexico	
 

XSA	
 Other South Asia	
 ARG	
 Argentine	
 

AUS	
 Australia	
 XLM	
 Other Latin America	
 

NZL	
 New Zealand	
 XME	
 Middle East	
 

XRA	
 Rest of Asia-Pacific	
 ZAF	
 South Africa	
 

CAN	
 Canada	
 XAF	
 Other Africa	
 

* We are updating from above 24 regions to 35 regions. 	




Sectoral	
  definiCon	
  of	
  AIM/CGE[Global]	


non-electric sector	
 electric sector	
 
agriculture	
 communication	
 coal fire (w/wo CCS)	
 
livestock	
 public service	
 crude oil fire (w/wo CCS)	
 
forestry	
 other service	
 oil fire (w/wo CCS)	
 
fishing	
 coal	
 gas fire (w/wo CCS)	
 
mining (except fossil fuels)	
 crude oil	
 nuclear	
 
energy intensive products	
 petroleum products	
 hydro	
 
metal and machinery	
 gas	
 biomass fire (w/wo CCS)	
 
foods	
 gas manufacture distribution	
 waste fire (w/wo CCS)	
 
other manufactures	
 biomass (liquid fuel) geothermal	
 
water	
 biomass (gas fuel) solar 	
 
construction	
 biomass (solid fuel) wind	
 
transport	
 other	
 



Process	
  to	
  esCmate	
  solar/wind	
  power	
  potenCal	


Input	
  data	
  
Land	
  cover	
  

	
  NASA	
  Land	
  Processes	
  Distributed	
  
AcCve	
  Archive	
  Center	
  (NASA)	
  
ElevaCon	
  

	
  The	
  Global	
  Land	
  One-­‐km	
  Base	
  
ElevaCon	
  (NaConal	
  Geophysical	
  Data	
  Center)	
  
ElevaCon	
  &	
  Bathymetry	
  

	
  GEBCO	
  One	
  Minute	
  Grid	
  Ver.	
  2.00	
  
(General	
  Bathymetric	
  Chart	
  of	
  the	
  Oceans)	
  
Wildness	
  

	
  World	
  Wilderness	
  Areas,	
  1993	
  
(UNEP)	
  
InsolaCon	
  

	
  Surface	
  Metrology	
  and	
  Solar	
  Energy	
  
Release	
  6.0	
  Data	
  Set	
  (NASA	
  Langley	
  Research	
  
Center,	
  Atmospheric	
  Science	
  Data	
  Center)	
  
Wind	
  speed	
  

	
  Surface	
  Metrology	
  and	
  Solar	
  Energy	
  
Release	
  5.0	
  Data	
  Set	
  (NASA	
  Langley	
  Research	
  
Center,	
  Atmospheric	
  Science	
  Data	
  Center)	
  

Solar	
  power	
  
potenCal	
  
by	
  30”x30”	
  
and	
  country	


Wind	
  power	
  
potenCal	
  
by	
  30”x30”	
  
and	
  country	


AIM/CGE	
  
[Global]	
  
[Country]	


AIM/Enduse	
  
[Global]	
  
[Country]	


Renewable	
  
potenCal	
  
esCmaCon	
  
model	
  

GHG	


energy	


economy	


Scenarios	


technology	


...	
  



Land	
  cover	
  data	


NASA Land Processes Distributed Active Archive Center (NASA)	




ElevaCon/Bathymetry	


The Global Land One-km Base Elevation (National Geophysical Data Center)	




slope	




Wildness	


World Wilderness Areas, 1993 (UNEP)	




InsolaCon	


Surface Metrology 
and Solar Energy 
Release 6.0 Data 
Set (NASA 
Langley Research 
Center, 
Atmospheric 
Science Data 
Center)	




average	
  monthly	
  wind	
  velocity	


Surface 
Metrology and 
Solar Energy 
Release 5.0 
Data Set 
(NASA Langley 
Research 
Center, 
Atmospheric 
Science Data 
Center)	




Solar	
  energy	
  potenCal	
  by	
  grade	


Annual Averaged 
Insolation 

[kWh/m2/yr] 

2300 - 

2200 - 2300 

2100 - 2200 

2000 - 2100 

1900 - 2000 

1800 - 1900 

1700 - 1800 

1600 - 1700 

1500 - 1600 

0 - 1500 



Wind	
  Energy	
  PotenCal	




Data	
  comparison	
  of	
  wind	
  power	
  for	
  Asia	
  
between	
  AIM	
  &	
  IMAGE	


AIM: capacity factor 30-45% 
IMAGE: class 3-7 



Necessary	
  informaCon	
  for	
  IAM	


	
  AIM/CGE	
  (and	
  the	
  AIM/Enduse	
  also)	
  is	
  macroscopic	
  model.	
  	
  
	
  The	
  grid	
  data	
  of	
  renewable	
  energies	
  are	
  aggregated	
  into	
  country/region	
  
level	
  in	
  advance,	
  then	
  these	
  aggregated	
  data	
  are	
  input	
  into	
  the	
  models.	
  	
  

Following	
  data	
  are	
  necessary;	
  
•  ProducCon:	
  installed	
  capacity,	
  annual	
  producCon	
  potenCal	
  
•  Cost:	
  investment	
  cost,	
  operaCon	
  cost,	
  learn	
  by	
  doing,	
  ...	
  
Following	
  data	
  are	
  welcome;	
  
•  Solar:	
  electricity	
  and	
  heat	
  
•  Wind:	
  off-­‐shore	
  
•  Biomass:	
  land	
  producCvity	
  

•  Share	
  of	
  renewable	
  energy	
  in	
  the	
  future	
  depend	
  on	
  their	
  cost	
  and	
  
potenCal.	
  	
  

•  DefiniCon	
  should	
  be	
  unified	
  among	
  datasets	
  
•  Updated	
  datasets	
  will	
  be	
  replaced	
  to	
  old	
  data.	
  



Previous	
  results	
  

World	
  primary	
  energy	
  supply	
  [EJ]	


reference	
 6W/m2	


4.5W/m2	
 2.6W/m2	




Previous	
  results	
  

World	
  electricity	
  producCon	
  by	
  source	
  [EJ]	


reference	
 6W/m2	


4.5W/m2	
 2.6W/m2	



